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PACKING CARTRIDGE SEAL ASSEMBLY 
Background of the Invention 

Field of the Invention 

5 The present invention relates generally to sealing means employed to prevent 

leakage between two relatively movable components. In a specific application, the 
present invention relates to a packing seal cartridge to prevent leakage between a 
reciprocating and/or rotatable shaft and a sunounding housing body. 

1 0 Prior Art Setting of the Invention 

The opening through which a shaft enters a housing orchamber is typically sealed 
with annular packing rings that bridge the gap between the housing and the shaft. An 
example of this type of seal arrangement is illustrated in my U.S. Patent No. 4,991,857, 
incorporated herein by reference. The packing rings are positioned coaxially over the 

15 shaft and compressed into a surrounding retaining structure, or stufiing box, rigidly 
connected to the housing. The packing ring opening is typically smaller than the shaft 
diameter so that the packing ring tightly engages the shaft when it is placed about the 
shaft. Axially compressing the packing rings into the stuffing box also increases the 
radial pressure exerted by the packing against the shaft. 

20 Correct installation of the packing about the shaft requires that individual 

packing rings of the required size and type be placed over the shaft and inserted into the 
stufiing box. The rings must be properly oriented, and each different type ring must be 
inserted in its appropriate sequence. Whoe the packing rings are activated by axial 
compression, the proper compression force must be applied to the packing to achieve 

25 optimum sealing effectiveness. 

The need to insUll individual packing rings and the requirement for proper ring 
compression can make the task of rq)lacing worn packing difficult and time-consuming. 
Improper orientation of the packing seal, selection of an inconect or defective 
replacement seal, failure to position a packing ring in the correct position or in the proper 

30 order, damage to the seal ring during installation, improper compression adjustment, and 
other installation hazards can prevent the seal assembly from fimctioning piop«-ly. 
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Summary of the Invention 

A packing cartridge seal assonbly is equipped wilh packing contained within a 
rigid annular mount that can be placed over a relatively movable shaft to provide a seal 
with a surrounding housing. The packing extends inwardly from the caitral opening of 
5 the cartridge seal assembly to finmly engage the encircled shaft. An external seal earned 
on the outer wall of the cartridge assembly seals the cartridge assembly to the housing. 

The individual packing elemoits within the cartridge are property oriented, 
positioned, and compressed axially to provide the desired sealing engagement with the 
shaft. 

1 0 In one form of the invention, resilient spring members are contained within the 

cartridge housing to apply the desired axial compression to the packing rings. 

The packing cartridge seal assembly is provided with axially spaced, rigid flanges 

that confine the packing element and provide support for axial compression of the 

packing element. One of the flanges may be removed from the cartridge to peimit 
1 5 assembly of the cartridge seal rings and axial biasing member. 

From the foregoing, it will be appreciated that a primary object of the present 

invention is to provide a packing cartridge seal assembly that may be quickly and easily 

installed in, or removed from, sealing engagement between a rotatable and/or 

reciprocating shaft and a surrounding housing body. 
20 Another object of the present invention is to provide a preassembled set of 

packing seals wherein the seal type, orientation, placement, and axial compression are 

preset before installation into sealing engagement between a rotatable shaft and a 

surrounding housing. 

Yet anothw object of the present invention is to provide a packing seal cartridge 
25 assembly that can be stacked with similar cartridge assemblies to seal a relatively 

movable shaft with a suirounding housing. 

Still another object of the invention is to provide a packing cartridge seal 

assembly having resilient spring biasing members for exerting a continuous, preset axial 

compression force on the seal members in the cartridge. 
30 It is also an object of the present invention to provide a packing cartridge seal 

assembly in which the seal elements and axial biasing member of the assembly are 
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specially contoured to maximize the nulial sealing forces exerted by the seal assembly 
against the shaft to improve the sealing ability of the assembly. 

The foregoing, as well as other, objects, features, and advantages of the present 
invention will be more fully understood and appreciated by reference to the following 
5 drawings, specification, and claims. 


Brief Description of the Orawiogs 

Figure 1 is a partial elevation, partially in section, illustrating a packing cartridge 
seal assembly of the presem invention equipped with an elastomeric spring member 
1 0 providing axial seal compression; 

Figure 2 is an exploded view, in perspective, illustrating details in the 
construction of the packing cartridge seal assonbly of Figure 1; 

Figure 3 is a partial elevation, partially in section, illustrating a modified packing 
cartridge seal assembly of the present invention equipped with multi^il spring memben 
1 S providing axial seal compression; 

Figure 4 is a partial elevation, partially in section, illustrating a modified packing 
seal assembly of the present invention equipped with multi-coil spring members 
providing axial compression against braided seal componoits; 

Figure S is a partial elevation, partially in section, illusbvting a modified packing 
20 seal assembly of die present invention equipped with a single coaxial multi-coil spring 
member providing axial seal compression; 

Figure 6 is a partial elevation, partially in section, illustrating a modified packing 
seal assembly of the present invention equipped wiUi wave spring members providing 
axial seal compression; and 
25 Figure 7 is a partial elevation, partially in section, illustrating stacked packing seal 

assemblies of the present invention. 


Description of the Illustrated Embodiments 
A packing seal assembly of the present invention is indicated generally at 10 in 
30 Figure I disposed between a stuffing box 1 1 and a movable shaft 12. The stuffing box 
1 1 may surround the opening through a pump housing or other structure (not illustrated) 
through which tiie shaft 12 communicates with a driven or driving device. The shaft 12 


WO01/D9535 


PCT/US00a0S82 


-4- 

may rotate and/or reciprocate axiaily through the stuffing box, which is fixed to the 
pump housing. The cartridge seal assembly 1 0 is held in position within the stuffing box 
1 1 by a giand follower 1 3 that is also secured to the pump housing. 

The seal cartridge 10 functions to prevent leakage through the stuffing box while 
5 permitting motion of the shaft 12. An access opening 14 provides lubricating oil or 
flushing water for protecting the sealing components of the cartridge 10. The access 
opening 14 is on the fluid-containing, or high pressure, side of the cartridge seal 10. 

With reference jointly to Figures 1 and 2, the seal cartridge 1 0 employs an annular 
seal carrier 15 having an axiaily extending tubular body 16 disposed between axiaily 
10 spaced, radially inwardly extending flanges 17 and 18. Central openings 19 and 20 
extend axiaily through the flanges 17 and 18, respectively. The flange 18 may be 
removed to facilitate the insertion or removal of the seal components, or packing body 
assembly, carried within the tubular body 16. To this efad, the flange 18 is held in place 
within the tubular body 1 6 by a sn^ ring 21 received within a circular sn^ ring slot 22. 
1 5 Radial slots 23 formed in the end of the tubular body 1 6 assist in conducting lubricating 
fluid to the packing body assembly contained within the cartridge. 

The packing body assembly includes annular internal seals, or packing rings 25 
and26,cairiedcoaxiallyinthecartridgel0betweentheflangesl7and 18. Theseals25 
and 26 may be such as described in my previously noted U.S. Patent No. 4,991,857. 
20 Central openings 27 and 28 extend axiaily through the seals 25 and 26, respectively. The 
internal surfaces of the seal openings are adapted to engage and seal against the outer 
cylindrical surface of the shaft 12. 

An annular, elastomeric spring body 30 is compressed axiaily between the flanges 
1 7 and 1 8. The spring body 30 exerts an axial force against the seals 25 and 26 uiging 
25 them radially inwardly into firm sealing engagement with the shaft 12. The bearing 
surftu:es between the spring body 30 and the seals 26 and 25 are V-shaped, chevron 
fashion, to enhance the radial expansion of the seals resulting fit>m the axial compressive 
force exerted by the spring body 30. An annular orimting nose 3 1 extending from the 
center of the face of the spring member 30 assists in aligning and positioning the spring 
30 30 and seal 26. 

An annular, anti-extrusion bushing 32 positioned at the end of the seal 25 closely 
surrounds the shaft 12 to prevent the seal from being forced into the gap between the 
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central opening of the flange 17 and the outer cylindrical surface of the shaft 12. The 
diameter of the central opening through the bushing 31 is smaller than the diameter of 
the openings 19 and 20 of the cartridge 10. 

An annular, externa! 0-ring seal member 35 is earned in a circular slot 36 on the 
5 outer cylindrical surface of the cartridge 10 to provide sealing engagement with the 
surrounding stuffing box 1 1 . In the uncompressed condition of the O-ring 35, the outer 
diameter of the O-ring extends beyond the outer diameter of the tubular cartridge body 
16. Insertion of the cartridge 10 into the stuffing box 1 1 compresses the O-ring to seal 
the gap between the tubular body 1 6 and the surrounding internal wall of the stuffing box 
10 11. Complete sealing of the annular space between the stuffing box 1 1 and the shaft 12 
is thus effected by the external O-ring seal 35, the cartridge body 1 6, and the seals 27 and 
28. 

In operation, the cartridge 10 is preassembled by inserting the seal components 
into the tubular body 1 6 with the flange 18 removed. The various components of the seal 

1 5 are inserted in the order and with the orientation illustrated in Figures 1 and 2, With the 
seal components contained within the tubular body 16, the flange 18 is placed over the 
assembly and forced axially toward the flange 17, compressing the intermediate 
components. The snap ring 21 is then positioned in the groove 22 to hold the flange 17 
in place. Proper selection of the components employed in the cartridge 10 ensures that 

20 the sealing elements arc uniformly and property compressed between the fixed flanges 
1 7 and 18. The assembly process may be performed in the controlled environment of a 
manufacturing facility by experienced personnel employing proper components. 

The preassembled cartridge 1 0 is placed over the shaft 1 2 and moved axially into 
proper engagement within the stufBng box 1 1. The gland follower 13 is then positioned 

25 to hold the cartridge 10 in place within the stuffing box. These simple steps replace the 
multiple steps normally required to repack the stuffing box using individual seals and 
adjusting the compression of the seal members to achieve the desired radial seal with the 
shaft. 

Figure 3 of the drawings illustrates a modifled form of the packing cartridge seal 
30 assembly of the invention indicated generally at 40. The assembly 40 in Figure 3 is 
similar to the assembly illustrated in Figures 1 and 2. Identical components bear the 
same reference characters. Multiple springs 41 are employed to provide axial 
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compression of the sealing component contained between the two end flanges of the 
cartridge. A removable flange 42 is provided with axial pockets 43 that hold the springs 
41 and align them for compressive engagement with a bottom adapter 44. The annular 
adapter 44 includes a square base and a V-shaped bearing surface engaging the seal 26. 
5 Two or more springs 41 may be circumfcrentially disposed between the flange 42 and 
the bottom adapter 44 to uniformly apply the desired axial compression to the sealing 
members. 

Figure 4 illustrates a modified form of the packing cartridge seal assembly of the 
present invention, indicated generally at 50, employing multiple, annular, square-ended, 
10 braided seal members 51, 52, and 53 separated by spacers 54 and 55. The compression 
springs 41 exert an axial compression force against an annular bottom adapter 56 to 
provide the desired axial and radial compression of the seal of members 51, 52, and 53. 

Figure 5 illustrates yet another modified form of the packing cartridge seal 
assembly of the present invention indicated generally at 60. The packing rings 25 and 
15 26 are compressed axially by a single, multi-coil spring 6 1 disposed coaxially with the 
shaft 1 2. The spring 6 1 exerts a biasing force between the flange 1 8 and a bottom adapter 
62. The bearing face of the bottom adapter 62 is V-shaped to conform with the mating 
face of the seal 26 to increase the radial sealing force exerted by the seal rings. 

Figure 6 illustrates a modified form of the packing cartridge seal assembly of the 
20 present invention indicated generally at 70. Annular wave rings 71 and 72 exert a 
compressive force between the flange 18 and the bottom adapter 62. The wave springs 
71 and 72 may be fabricated from any suitable resilient metal or synthetic material. 

Figure 7 illustrates anothw form of the invention, indicated generally at 80, in 
which multiple cartridges 81 and 82 are stacked over the shaft 12. Lubrication access 
25 openings 84 and 85 extending through a stuffing box 86 communicate lubricant to the 
packing material in the two cartridges through circumfcrentially spaced, radial openings 
90 and 91 that extend, respectively, through the ends of the cartridges 81 and 82. 

External 0-ring seals 95 and 96 in the cartridges 81 and 82, respectively, are 
provided with back-up rings 97 and 98, respectively, to assist scaling of the annular gap 
30 between the external cylindrical surface of the cartridge bodies and the internal circular 
wall of the stuffing box opening. The back-up rings 95 and 96 are preferably formed in 


wo 01/09535 


PCTAJS00/20S82 


-7. 

a flat helical configuration with partially overlapping layers and may advantageously be 
constructed of Teflon or other suitable material. 

While two cartridge assemblies have been illustrated in Figure 7. it may be 
appreciated that any number of cartridge seal assemblies may be stacked to provide the 
5 desired seal between the stuffing box and the shaft. Similarly, it will be appreciated that 
any of the cartridge assemblies described herein may be stacked in the matter illustrated 
in Figure 7. As with the single cartridge applications, the stacked cartridge bodies isolate 
the compressed packing rings from the forces exerted by the packing gland follower 1 3, 
Unifonn seal compression is maintained within the individual cartridges by the 

1 0 compressive force effected between the end flanges of the cartridge. 

The cartridge bodies described herein may preferably be constructed of a brass 
or other suitable bushing-like material. The materials making up the individual seal rings 
employed in the cartridge made be any suitable composition and configuration 
compatible with the fluid or pressure to be sealed between the stuffing box and shaft. 

1 5 Thus, the seal rings may be of any suitable compressible material and may be circular in 
cross-section or may be oval, square, or of another cross-sectional shape. The annular 
seal members may be monolithic or may be of the split ring, flat helical, or other variety. 
The material of the seals may be synthetic, natural, or mixtures thereof. Various fillers 
may be employed in the seals, including synthetic polymeric materials such as nitriles, 

20 fluorocarbon resins, or silicon resins, as well as combinations thereof. 

While various preferred forms of a packing cartridge seal assembly have been 
described in detail herein, it may be q)pzeciated that modifications of the Assemblies 
may be made without departing from the spirit and scope of the invention, which is more 
fully defined in the following claims. 
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Ciaiins 

1. A seal cartridge assembly for providing a seal between the external 
cylindrical surface of a cylindrical body member and the sunounding cylindrical walls 
of an opening through a separate body member, comprising: 

an annularseal earner having anaxiallyextendingtubular body disposed between 
first and second axially spaced, radially inwardly extending flanges; 

central openings extending axially through each of said first and second flanges, 
said central openings having a diameter no smaller than the external diameter of said 
cylindrical body; 

an annular internal seal component earned coaxially in said cartridge between 
said first and second flanges, said seal component having a central axial opening with at 
least a portion of said central axial opening having a diameter that is smaller than the 
external diameter of said cylindrical body; and 

an annular external seal member connected with said tubular body, said external 
1 5 seal member having an external diameter greater than the intenud diameter through said 
separate body. 


10 


2. The seal cartridge assembly as defined in Claim 1 whetein said internal 
seal component comprises: 
20 a packing body assembly; and 

an axially compressed spring member resiliently compressing said packing body 
assembly between said first and second flanges whereby said packing body assembly is 
resiliently biased radiaUy inwardly toward said central axial opening of said seal 
component 


2S 


30 


3. ThesealcartridgeassemblyasdefinedinClaim 1 wherein said first flange 
is removably secured to said seal carrier whereby said first flange may be secured to said 
seal earner after said packing body assembly and said spring body are positioned in said 
seal cartridge. 

4. The seal cartridge assembly as defined in Claim 2 wherein said seal 
component includes an annular extmsion ring disposed between said packing body 
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assembly and said second flange, said extnision ring having a central opening having a 
diameter smaller than the central opening of said second flange. 

5. The seal cartridge assembly as defined in Claim 2 whoein said packing 
S body assembly comprises chevron packing. 

6. Theseal cartridge assembly as defined in Claim 3 wherein said first flange 
is secured to said seal carrier by a snap ring. 

'0 7. The seal cartridge assembly as defined in Claim 2 wherein said spring 

member comprises an annular body of elastomeric material. 

8. The seal cartridge assembly as defined in Claim 7 wherein said packing 
body assembly comprises chevron packing. 

IS 

9. The seal cartridge assembly as defined in Claim 8 wherein said annular 
body of elastomeric material is contoured with a chevron face to mate with a chevron 
face of said chevron packing whereby axial force exerted by said annular body urges said 
chevron packing to expand radially. 

20 

1 0. The seal cartridge assembly as defined in Claim 9 wherein said chevron 
face on said aimular body of elastomeric material is provided with an annular 
engagement ridge that mates with an aimular engagement recess in said chevron face of 
said chevron packing. 

25 

1 1 . The seal cartridge assonbly as defined in Claim 1 whoein said external 
seal member includes an aimular, elastomeric seal ring carried in an annular groove in 
said tubular body. 


30 


12. The seal cartridge assembly as defined in Claim 1 1 wherein said external 
seal member fiirther includes a helical backup ring carried in said annular groove. 
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13. The seal cartridge assembly as defined in Claim 1 wherein said seal 
cartridge assembly further includes radially opening lubrication ports for communicating 
lubricant to said packing assembly. 

5 14. The seal cartridge assembly as defined in Claim 2 whaein said spring 

member comprises a plurality of circumferentially spaced* multicoil, helically wound 
spring bodies disposed between said first and second flanges. 

15. The seal cartridge assembly as defined in Claim 2 wherein said spring 
10 member comprises a multicoil, helically wound spring having its central helical axis 

substantially coincident with the central axis of said seal cartridge. 

16. The seal cartridge assembly as defined in Claim 2 wherein said spring 
member comprises one or more wave springs disposed between said first and second 

1 5 flanges concentrically with said seal cartridge. 

17. The seal cartridge assembly as defined in Claim 2 wherein said extanal 
seal member includes an annular, elastomeric seal ring carried in an annular groove in 
said tubular body. 

20 

18. The seal cartridge assembly as defined in Claim 17 wherein said seal 
cartridge assembly further includes radially opening lubrication ports for communicating 
lubricant to said packing assembly. 

25 19. The seal cartridge assembly as defined in Claim 17 wherein said first 

flange is removably secured to said seal carrier whereby said first flange may be secured 
to said seal carrier after said packing body assembly and said spring body are positioned 
on said seal cartridge. 

30 20. The seal cartridge assembly as defined in Claim 19 wherein said seal 

component includes an annular extrusion ring disposed between said packing body 
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assembly and said second flange, said extnision ring having a centnl opening having a 
diameter smaller than the central opening of said second flange. 

21. A seal caitridge assembly for sealing between relatively movable 
S members, comprising: 

a first cylindrical bodymemberand a second separate body member, said flrstand 
second body members being relatively movable, said flist member having an axially 
extending external cylindrical surface received within an axially extending cyUndrical 
wall opening of said second member and defining an annular space between said first and 
10 second members; 

an annular seal earner sealingly disposed in said annular space between said first 
and second members, said seal carrier having an axially extending tubular body disposed 
between first and second axially spaced, radially inwardly extending flanges; 

central openings extending axially through each of said first and second flanges, 
15 said central openings having a diameter no smaller than the external diameter of said 
cylindrical body; 

an annular internal seal component earned coaxially in said cartridge between 
said first and second flanges, said seal component having a central axial opening with at 
least a portion of said central axial opening having a diameter that is substantially the 
20 same as the external diameter of said cylindrical body whereby said seal component 
fornis a seal betweoi said cylindrical body and said tubular body of said seal carrier; and 
an annular external seal member connected with said tubular body for sealing said 
tubular body to the wall opoiing of said second member. 

25 22. The seal cartridge assembly as defined in Claim 21 wherein said internal 

seal component comprises: 

a packing body assembly; and 

an axially compressed spring member resiliently compressing said packing body 
assembly between said furst and second flanges whereby said packing body assembly is 
30 resiliently biased radially inwardly toward said central axial opening of said seal 
component 
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23. The seal cartridge assembly as defined in Claim 21 wherein said fust 
flange is removably secured to said seal carrier whereby said first flange may be secured 
to said seal carrier after said packing body assembly and said spring body are positioned 
in said seal cartridge. 

24. The seal cartridge assembly as defined in Claim 22 wherein said seal 
component includes an annular extrusion ring disposed between said packing body 
assembly and said second flange, said extrusion ring having a central opening having a 
diameter smaller than the central opening of said second flange. 

25. The seal cartridge assembly as defined in Claim 22 wherein said packing 
body assembly comprises chevron packing. 


26. The seal cartridge assembly as defined in Claim 23 wherein said first 
flange is secured to said seal carrier by a snap ring. 

27. The seal cartridge assembly as defined in Claim 22 wherein said spring 
member comprises an armular body of elastomeric material. 

28. The seal cartridge assembly as defined in Claim 27 wherein said packing 
body assembly comprises chevron packing. 


29. The seal cartridge assembly as defined in Claim 28 wherein said annular 
body of elastomeric material is contoured with a chevron face to mate with a chevron 

25 face of said chevron packing whereby axial force exerted by said annular body urges said 
chevron packing to expand radially. 

30. The seal cartridge assembly as defined in Claim 29 said chevron face on 
said ring is provided with an annular engagement ridge that mates with annular 

30 engagement recesses in said chevron face of said chevron packing. 


WO01/09S3S 


PCTAJSOO/20582 


-13- 

31. Theseal cartridge assembly as defined in Claim21 wherein said external 
seal member includes an annular, elastomeric seal ring earned in an annular groove in 
said tubular body. 

5 32. The seal cartridge assembly as defined in Claim 31 wherein said external 

seal member fivther includes a helical backup ring carried in said annular groove. 

33. The seal cartridge assembly as defined in Claim 21 wherein said seal 

cartridgeassembly fiirtherincludesradially opening lubricationportsfbrcommunicating 
10 lubricant to said packing assembly. 

34. The seal cartridge assembly as defined in Claim 22 wherein said spring 
member comprises a plurality of circumferentially sp^ed, multicoil, helically wound 
spring bodies disposed between said first and second Oanges. 

IS 

35. The seal cartridge assembly as defined in Claim 22 wherein said spring 
member comprises a multicoil, helically wound spring having its central heUcal axis 
substantially coincident with the central axis of said seal cartridge. 

36. The seal cartridge assembly as defined in Claim 22 wherein said spring 
member comprises one or more wave springs disposed between said first and second 
flanges concentrically with said seal cartridge. 

37. The seal cartridge assembly as defined in Claim 22 whoein said external 
25 seal mranber includes an annular, elastomeric seal ring canied in an annular groove in 

said tubular body. 

38. The seal cartridge assembly as defined in Claim 27 wherein said seal 
cartridge assembly fiirther includes a mechanical engagement structure for holding said 

30 seal carrier stationaiy relative to said separate body. 
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10 


39. The seal cartridge assembly as defined in Claim 27 wherein said fiist 
flange is removably secured to said seal earner whereby said firet flange may be secured 

to said seal earner after said packing body assembly and said spring body are po^^^^ 
in said seal cartridge. 

40. The seal cartridge assembly as defmed in Claim 29 wherein said seal 
component includes an annular exinision ring disposed between said packing body 
assembly and said second flaqge. said octnudon ring having a central opening having a 
diameter smaller than the central opening of said second flange. 

41. The seal cartridge assembly as defined in Claim 21, further comprising 
multiple seal cartridge assemblies coaxiaUy stacked in said annular space between said 
first and second members. 


The seal cartridge assembly as defmed in Claim 22, further comprising 
multiple seal cartridge assembUes coaxially stacked in said annular space between said 
first and second members. 

43. The seal cartridge assembly as defined in Claim 23, further comprising 
20 multiple seal cartridge assemblies coaxially stacked in said annular space between said 

first and second members. 

44. The seal cartridge assembly as defined in Claim 24, fiirther comprising 
multiple seal cartridge assemblies coaxially stacked in said annular space between said 

25 first and second monbers. 


45, The seal cartridge assembly as defined in Claim 3 1 , further comprising 
multiple seal cartridge assemblies coaxially stacked in said annular space between said 
first and second members. 
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46. The seal cartridge assembly as defined in Claim 33. further comprising 
multiple seal cartridge assemblies coaxially stacked in said annular space between said 
first and second members. ' 


member. 


47. The seal cartridge assembly as defined in Claim 21, further including an 
I opening through said second body member for supplying fluid to said first body 


an 


48. The seal cartridge assembly as defined in Claim 1, further including 
10 access opening through said second body member for supplying fluid to said first body 
member. 


49. The seal cartrid^ assembly as defined in Claim 21 , fiirther including an 
access opening through said second body member for supplying fluid to said fint body 
15 member. 


1 
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